Background Ischemic stroke (IS) is a common cause of death from vascular diseases. Studies have found that smoking increases the risk of ischemic stroke, but the association of smoking with the outcome of IS remains unclear. This metaanalysis aims to investigate the effect of smoking on the prognosis of IS. Methods We searched four electronic databases including PubMed, EMBASE, Cochrane library and Web of science for papers, published before January 2019. In this meta-analysis, Review Manager 5.3 software was used to calculate for the pooled estimate effect, as well as the inverse-variance method for pooled mean difference (MD) and odds ratio (OR) of incidence in two groups of population. Results A total of 14,789 citations were identified during the literature search, 21 studies were included in the meta-analyses after screening. The full-adjusted OR of poor prognostic outcome in smoking and nonsmoking patients with stroke was pooled as 0.96 (95% CI 0.77-1.21), suggested that smoking or not has no impact on prognosis of IS. The pooled MD of onset age between smoking and nonsmoking IS patients was − 10.05 (− 12.91, − 7.19), indicated that smoking causes first onset of IS to occur 10 years earlier.
Introduction
Ischemic stroke (IS) is the second most common cause of death from vascular diseases and the third major cause of disability worldwide [1] . The previous studies showed that the overall incidence of first-time strokes increased by 11.9% annually (12.4% for men and 9.0% for women) from 1992 to 2015 [2] . In 2015 alone, there were 42.4 million stroke patients nationwide, including 24.9 million IS patients and 3 million deaths from IS. It has been become particularly important to effectively reduce the incidence of IS.
Smoking causes a variety of diseases and kills nearly 6 million people every year (WHO, 2015) . Although the prevalence of smoking has decreased in the past 30 years, the absolute number of smokers still increases due to the rapid growth of population, that is, from 721 million in 1980 to 967 million in 2012 [3] . Currently, active smoking is a recognized risk factor for stroke, with 12.4% of accidental stroke patients attributable to current smoking [4] . Studies have found that pre-stroke smoking has a negative or neutral effect on the prognosis of stroke [5] [6] [7] [8] [9] [10] [11] [12] . But recent studies reported the so-called "smoker's paradox", suggesting that smokers who undergo thrombolytic therapy have better clinical outcomes. This paradox has been found in patients with myocardial infarction and IS treated with intravenous thrombolysis (IVT), and studies have shown that IS patients who experience smoking may have better recovery and better thrombolytic response than non-smokers. Nevertheless, some researchers insisted that the smoking paradox is caused by variances from case to case and that smoking is not an independent prognostic factor in patients with ischemic stroke. The influence of smoking on the prognosis of IS patients, including the influence of passive smoking on IS has not been clearly defined yet.
Based on these conflicting results, the aims of this metaanalysis were to explore the prognostic effects of smoking on IS patients.
Methods
The authors declare that all supporting data are available within the article (and its online supplementary files). This meta-analysis was performed according to the PRISMA guidelines [13] . We used publicly available published studies, and our study was exempt for approval from Institutional Review Board.
Eligibility criteria
Eligible trials had to satisfy the following prespecified PICOS criteria: (1) P: ischemic stroke patients; (2) I: smoking; (3) C: no smoking; (4) O: odds ratio of poor prognosis or severity of admission; and (5) S: prospective or retrospective study.
Search strategy
We conducted a systematic search for articles published before January 2019 without language and data restrictions, through PubMed (Medline), EMBASE (Excerpta Medica Database), Cochrane library and Web of Science computerized databases. The following search terms were used: "ischemic stroke" or "brain ischemia" or "cerebral infarction" or "cerebral vasospasm" or "cerebral angiospasm" or "cerebrovascular obstruction" and "cigarette" or "smoking". During the search process, we not only used MeSH keywords for retrieval, but also used a broader range of search terms to collect all articles related to this topic. We not only searched the original published articles, but also the references cited in the relevant review articles. In addition, we also retrieved relevant conferences abstracts, reviews and the publications of experts.
Selection criteria
All the literatures were proceeded to full-text screening by two reviewers. Their detailed examination of the full text would lead the studies to be included or excluded. If there were duplicate studies, the earlier or more detailed publications would be included. If the review contained original published data, it would be also included.
Data extraction and analysis
One investigator used a pre-designed sheet to extract and document data from eligible studies, including authors, publication year, study design, population, age, male, sample size, grouping and number of people in the group, data including counts and effect estimates, country, follow-up years, title, conclusion. Another investigator independently reviewed to ensure accuracy of data.
Statistical methods
Review Manager Software version 5.3. from the Cochrane Collaboration (London, United Kingdom) was used to calculate the pooled estimate effect and the inverse-variance method was used to combine effect size. The mean differences (MD) of NIHSS score between the smoking and nonsmoking groups of IS patients were pooled to explore the association of smoking or not with the severity of illness at time of admission to hospital. Meanwhile, the prognosis of IS patients who smoke or do not smoke was studied to produce odds ratio (OR) of poor functional outcome. The between-study heterogeneity was measured by I 2 statistic and Q test. P < 0.01 was deemed as significant heterogeneity. We pooled effect size (ES) estimates with significant heterogeneity using random-effects model, otherwise using fixed-effects model.
Quality assessment and risk of bias across studies
We used the Newcastle-Ottawa Scale (NOS) for assessing the quality of the studies in meta-analyses. We visualized possible publication bias by means of a funnel plot, i.e., ES scatter plots, estimated from single study to compare with their standard deviation.
Results
Eligible studies 14 ,789 related electronic citations were tracked. The flowchart of the study selection is depicted in Fig. 1 . As a result, 142 articles were included following title/abstract screening and 124 articles were excluded following fulltext artificial selection. Among them were: review article (n = 25), non-human (n = 8), case report (n = 4), human cell (n = 10), conference paper (n = 33), study design (n = 25), insufficient information for a meta-analysis (n = 16), others (n = 3). In the end, 18 articles were included in the meta-analysis.
Description of studies
In this meta-analysis, 18 articles with a total sample size of 987,074 were included. The detailed information of each 
Meta-synthesis of results
We conducted meta-analysis of 11 studies, and produced a pooled OR (full adjusted) of poor prognostic outcome in smoking and nonsmoking groups of IS patients (OR = 0.96, 95% CI 0.77-1.21, P = 0.74 with no statistical significance (SS)). The common adjusted factors included age, sex, BMI and stroke severity at admission. The pooled OR suggested that smoking or not has no impact on prognosis of IS, and smoking is not a protective factor of poor prognostic outcome of IS. I 2 = 86% was deemed as large heterogeneity (Fig. 2a ). We carried out a subgroup meta-analyses and pooled OR of 90-day mortality in smoking group with ischemic stroke (OR = 0.74, 95% CI 0.47-1.15, P = 0.18 with no SS). I 2 = 76% was deemed as moderately decreased heterogeneity. This overall effect size suggests that smoking or not was not related to the 90-day mortality of IS patients (Fig. 2b) . In addition, we also pooled OR of unadjusted prognosis (OR = 0.91, 95% CI 0.74-1.12, P = 0.38 heterogeneity I 2 = 85% with no SS). Univariate analysis suggested that even if the covariates such as age, gender, BMI and stroke severity were not adjusted, smoking is not a protective factor for poor prognosis of IS (Fig. 2c ). As three of above pooled effect sizes indicated, the smoking paradox is not supported by the fact that smoking or not is not related to poor prognostic outcome of IS. We also studied the state of illness in smoking or nonsmoking groups at the time of admission and combined the MD of NIHSS score between the two groups (MD = − 0.94, 95% CI − 1.27 to − 0.60). It showed the NIHSS score of "smoking group" was smaller than that of the "nonsmoking group" with a standard mean difference of − 0.94, which was statistically significant (P < 0.001). Heterogeneity (I 2 = 84%) was large ( Fig. 3) . Although the effect size of the vast majority of included studies and the pooled overall effect size supported the notion that patients with cigarette smoking were less severe than patients without cigarette smoking at the time of admission, we believed this does not mean smoking is beneficial to the condition of ischemic stroke, as the NIHSS score is associated with a variety of other factors. We made comparison of onset age between smoking and nonsmoking IS patients (except Fekete 2014 for the absence of age data). The pooled MD was − 10.05 (− 12.91, − 7.19), indicated that smoking brings forward the age of first onset of IS by 10 years. You can see from Fig. 4 .
Publication bias and study quality
The evaluation of quality was carried out for all 18 included studies and the results of NOS scale are shown in Table 2 .
To explore publication bias, we drew the funnel plot for the effect size of all the studies in Fig. 2a . The funnel plot visually was relatively symmetrical, as shown in Fig. 5a . The pooled effect size of the rest 10 studies varied from 0.96 to 0.95, with no SS, and there is not any change in statistic I 2 , even after that the study "Chung2016" was excluded due to deviation of its effect size too far. Therefore, we believed Chung2016 was insensitive to this comparison. We also drew the funnel plot for the effect size of all the studies in Fig. 2c . The funnel plot visually was relatively symmetrical with little bias, as shown in Fig. 5b .
As regards to publication bias of other comparisons, the funnel plot was of limited use due to the small number of studies evaluated.
Discussion
Eighteen studies comprising 987,074 patients were included in this meta-analysis. The results indicate that smoking is not a protective factor for poor prognosis in patients with IS, and the "smoking paradox" is not true. At the same time, it is found that smoking IS patients are 10 years younger than those who do not smoke, which further proves that smoking is an important risk factor for IS. Many studies are actively exploring the relationship between smoking and IS, and this possible link will have important implications for clinical practice and public health.
Smoking has long been considered as an independent risk factor for IS. Many studies reported smoking is an independent risk factor for poor prognosis in patients with ischemic stroke. Compared with patients who never smoked, those who smoked during or before stroke had a greater risk of death or recurrent vascular events [5] . Nevertheless, the contradictory results, namely smoking paradox, were reported in studies by many researchers who investigated the relationship between smoking and prognosis of stroke patients. Some of them reported that smoking in stroke patients may be independently associated with excellent clinical Fig. 2 a Forest plot of poor prognosis outcome odds ratio (full adjusted) among patients with ischemic stroke, smoking versus nonsmoking. b Forest plot of 90-day mortality odds ratio among patients with ischemic stroke, smoking versus nonsmoking. c Forest plot of poor prognosis outcome odds ratio (unadjusted) among patients with ischemic stroke, smoking versus nonsmoking outcome after Endovascular Treatment (EVT) [24] . Tong et al. [23] recently reported that noncardioembolic stroke may be independently related to good outcome in smoking patients treated with Intravenous thrombolytic (IVT). The researchers believe that smokers may have better ischemic preconditioning due to elevated levels of carbon monoxide in the plasma and intermittent hypoxia [26] . Smokers may be supposed to have a better cerebral collateral supply as a further explanation for paradoxical association with clinical outcome, but collateral supply did not differ between groups in our study. These contradictory results prompted us to assess the prognostic impact of smoking and nonsmoking on patients with ischemic stroke to determine the correlation between smoking and IS prognosis. After adjusting factors such as age, sex, BMI and severity of stroke at admission, we found that smoking was not associated with the prognosis of IS. Even if covariates such as age, sex, BMI and severity of stroke were not adjusted, our results also exhibited that there was not correlation between smoking and the prognosis of IS. This suggested that the paradox "smoking is beneficial to the prognosis of ischemic stroke" is not valid. Smoking is not a protective factor for the prognosis of ischemic stroke. Those contradictory results might derive from the differences of study size. This meta-analysis also indicated that smokers were 10 years younger than non-smokers at the onset of stroke, suggesting that smoking may cause the first onset of stroke to occur significantly ahead of time. A large number of studies have found that smoking produces more than 4000 gases, including carbon monoxide and nicotine [27] . Carbon monoxide can replace oxygen in hemoglobin, thus reducing the release of oxygen and directly reducing the oxygen supply to tissues and organs [28] . In addition, those toxic chemicals in cigarette smoke, such as nicotine, can lead to vascular endothelial dysfunction and inflammation, which ultimately leads to the development and acceleration of the atherosclerosis process. Smoking patients are assumed to have an increased hematocrit, platelet activation and aggregation, vasoconstriction and circulating fibrinogen [29] [30] [31] . Thus, smokers may have more thrombogenic than atherogenic vessel occlusion. The location of vessel occlusion may also play an important role. Smoking patients are more likely to have aortic occlusion, which directly affects the treatment effect and prognosis. In addition, smoking increases oxidative stress with the loss of the protective effect of NO tips the cellular balance towards a proatherogenic and prothrombotic milieu. All of these increase the risk of IS. Therefore, smoking is a risk factor for IS, making the patient suffering from IS 10 years earlier. This also explains why this meta-analysis reveals that the NIHSS score of smokers at admission is lower than that of non-smokers, and pooled MD = − 0.89, and most of the six included studies indicate that smokers Forest plot of mean difference of age at admission among patients with ischemic stroke, smoking versus nonsmoking are less ill than non-smokers. In five studies, NIHSS scores of smoking patients with ischemic stroke were lower than those of nonsmoking patients [10] . Only one study found that smoking patients with ischemic stroke had higher NIHSS scores than nonsmoking patients. Smoking patients with IS seem to be less ill. By the way, the NIHSS scores reported by these studies at admission are unadjusted for any of the influential variables. The NIHSS scores are related to many other factors, such as age. Significant differences in age between smoking patients and nonsmoking patients may be an important factor contributing to differences in NIHSS scores. The younger patients had lower NIHSS scores because their basic physical condition is relatively better.
Smoking patients are 10 years younger and are less likely to have other traditional vascular risk factors compared with non-smokers. Although the study found that smokers' NIHSS scores were better than non-smokers, these age differences may partly explain the beneficial findings for smokers, as older age is often associated with worse physical conditions [24, 32] . Considering differences in baseline characteristics are essential for discussion of "smoking paradox" in stroke patients, the age is one of the important factors. According to a comprehensive consideration of factors, such as age, this meta-analysis determined that not only smoking was not related to the prognosis of IS, but also cause the first onset of IS to occur 10 years earlier. We believe that the smoking paradox is not true. We strongly recommend giving up smoking. The government should increase the nationwide education of tobacco harmness to health and increase the investment and intensity of tobacco control.
Strengths and limitations of study
The strength of this paper is that we synthesized 18 studies, comprising nearly 1 million samples, many of which are of large scale. Therefore, the evidence provided by us in this meta-analysis is sufficient to give a reliable estimate of the relative risks associated with smoking. Our analysis also has some limitations. First, between-studies heterogeneity can be increased due to definition of smoking that varies from study to study included. Second, between-studies heterogeneity can be increased due to paucity of data in subgroup analysis of stroke patients who quit smoking or continue to smoke after admission and during follow-up.
Conclusions
The "smoking paradox" is not true. Smoking has no protective effect on the poor prognosis of IS patients. Smoking IS patients are 10 years younger than nonsmoking IS patients at the time of first onset of stroke. Smoking is one of the most preventable causes of IS risk. This requires the government to strengthen tobacco control and raise people's awareness of reducing and quitting smoking.
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